INTRODUCTION
Water plays an important role in plant life. At many localities, it is the limiting factor for agricultural crops production. Water deficit induces a reduction in plant tissue water content with a subsequent reduction in water potential, leaf elongation, leaf photosynthesis and changes in protein synthesis, nitrogen metabolism and also a change in cell membrane properties (S h a n g g u a n et al., 2000) .
Water deficit elicits several morphological responses in crop plants (J o n e s , 2004) . Most of these responses are adaptive mechanisms to withstand water deficit or drought and to ensure both survival and reproduction under conditions of water deficit stress. There are three main aspects of plant morphological behaviour in relation to drought: the modulation of root growth (J a c k s o n et al., 2000) , the modulation of leaf size, and the changes in leaf orientation (C h a v e s et al., 2003) . A fundamental problem with these adaptive responses is that most are aimed at reducing water use and consequently affect plant function and productivity through reduction in photosynthesis (R i b a u t , 2006) .
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X u et al. (2013) indicated that, under drought stress conditions, the dry weight and chlorophyll content of Zoysia japonica are generally thought to be important parameters for growth measurement. In that experiment, fresh biomass and below-ground dry biomass increased in all CaCl 2 pretreatment. These results suggest that Ca 2+ plays an important role in alleviating the damage to zoysia grass incurred under drought conditions. U p a d h y a y a et al. (2011) also reported that using foliar sprayed CaCl 2 even after drought could enhance the dry mass of leaves in the recovery phase.
Sesame (Sesamum indicum L.) is a drought tolerant plant, however sensitive to drought at germination and seedling stages (B a h r a m i et al., 2012). Sesamum indicum L. (Pedaliaceae) is one of the oldest and important oil seed crops. It is usually cultivated in arid and semi-arid regions of the world for its quality edible oil (E s k a n d a r i et al., 2009) and it is very responsive to the changing environmental conditions. Therefore the objectives of this study were to investigate influence of water deficiency and examine the effects of external Ca 2+ treatment on grain yield, yield components, mineral content and some physiological parameters in sesame.
maTeRIalS aND meThODS
The field experiment was conducted at the research farm of Sari University of Agricultural Science and Natural Resources in Iran (latitude of 37° 45′ N and longitude of 54° 30′ E with an elevation of 13 m) in 2015. The field soil was clay loam in texture (pH, 7.4; electric conductivity (EC) 1.3 ds m -1 ; content of organic carbon 1.04%; 0.10% N, 10.1 and 220 ppm of available P and K, respectively). The experiment was laid out as split plot based on randomized complete block design with three replications. There were three levels of drought stress: W 1 = 7 (control or without drought stress, plants irrigation at a 7-day interval), W 2 = 12 (severe drought, plants irrigation at a 12-day interval) and W 3 = 17 day irrigation (the most severe drought, plants irrigation at a 17-day interval) as the main plots and four levels of calcium chloride concentration (in mM) for foliar application: C 1 =0 (control), C 2 =5, C 3 =10 and C 4 =15 mM (X u et al., 2013) as the subplots. Weather conditions in Table 1 .
Seed of the sesame cultivar 'single branch of Naz' were used in this study. There were five rows in each plot (3×4 m). The row width and length was 0.5 and 3 m, respectively. Before sowing, the soil was fertilized with N, P and K at the rate of 100, 50 and 50 kg ha -1 in form of urea, single super phosphate and potassium sulphate, respectively. A half of nitrogen was applied at sowing time and residue used after thinning plant. The seeds were sown on June 5 th , 2015 and placed at 1-2 cm depth. The foliar application of calcium chloride was performed at the 8-10 leaves stage of plants.
Photosynthetic pigments and mineral content
At flowering stage (the flowering stage is one of the most sensitive stages to drought stress), the contents of chlorophyll 'a' and 'b' and total carotenoid in leaves were measured at 645, 663 and 440 nm spectrum absorptions, respectively according to A r n o n ' s (1967) method. The contents of nitrogen, phosphorus and potassium in leaves and seeds were determined by kejaldal (Gerhardt, Germany) method (A O A C , 2000), spectrophotometer (JENWAY 6105) All data were analyzed using SAS 9.2 software ((Statistical Analysis System, Version 9.2). All data were first analyzed by ANOVA to determine significant (P≤ 0.05) treatment effects. Significant differences between individual means were determined using Fisher's protected least significant difference (LSD) test.
ReSUlTS grain yield and yield components
The data statistical analysis showed that the interaction between two factors (drought stress and foliar application of calcium chloride) had a significant effect (P < 0.01) on grain yield (Table 2) . Fig. 1 showed that, by increasing drought levels from W 1 to W 3 , the grain yield was reduced. In this case, the foliar application of calcium chloride increased the grain yield of sesame plants. So that, at all levels of drought stress, the highest amount of grain yield was obtained at the highest levels of foliar application of calcium chloride (C 4 =15 mM).The results showed that foliar application of calcium chloride can partially prevent the damage of sesame grain yield from drought stress. At the W 1 treatment, by increasing foliar application of calcium chloride from C 1 to C 4 , grain yield increased about 9.37%, at W 2 by14.7% and at W 3 treatment by 66.3%. Among yield components, the interaction between the two factors (drought stress and foliar application of calcium chloride) had only significant effect on the 1000 seed weight (Table 2) . In this study, it was found that drought stress reduced the weight of 1000 seed. By increasing drought stress from W 1 to W 3 , the 1000 seed weight decreased but the foliar application of calcium chloride (even up to 15 mM, at all of drought stress treatments) improved it. The highest 1000 seed weight was obtained by the absence of drought stress or control (W 1 ) and by the foliar application of calcium chloride, even up to 15 mM (W 1 C 4 ) treatment (Fig. 2) .
The data statistical analysis (Table 2) showed that the length and weight of capsule were affected by drought stress and calcium chloride treatments. Mean squares of data showed that by increasing drought levels from W 1 to W 3 , the length and weight of capsule were decreased about 34.5% and 9.6% respectively (Table 3 ). In this cause, the foliar application of calcium chloride had a positive effect on those and increased them. By increasing the concentration calcium chloride from C 1 to C 4 , the weight of capsule was increased linearly. About the length of capsules, this increase was obtained only at the highest calcium (Table 3) . At the C 4 treatment, the weight of capsule was increased about 52.7% compared than C 1 . This increase for the length of capsules was about 6.9% (Table 3) . Two treats of seed weight in plant and the number of capsule per plant plus the plant height were only influence by foliar application of calcium chloride ( Table 2 ). The foliar application of calcium chloride increased these parameters and the best result was obtained by the C 4 treatment. C 4 treatment increased the seed weight in plant about 75.2%, the number of capsule per plant about 62.2% and the plant high 58.4% compared than C 1 treatment (Table 3) .
Photosynthetic pigments
Statistical analysis showed that the interaction between two factors (drought stress and foliar application of calcium chloride) significantly effected the photosynthetic pigments, namely chlorophyll 'a'( Table 2 ).
The results showed that drought stress increased the amount of the chlorophyll 'a'. This increase lasted only up to W 2 treatment. Chlorophyll 'a' increased under the absence of the foliar application of calcium chloride. So the highest amount of chlorophyll 'a' was obtained at the W 2 C 1 treatment (Fig. 3) .
In this case, however calcium chloride improved the content of chlorophyll 'a' in leaves. But by increasing drought levels to W 3 , the content of chlorophyll 'a' in leaf tissues decreased (Fig. 3) . The results on chlorophyll 'b' and carotenoid showed that the interaction between the two factors (drought stress and foliar application of calcium chloride) had significant effect on chlorophyll 'b' and total carotenoid content in leaves (Table 2 ). The content of chlorophyll 'b'and total carotenoid were increased when drought level increased from W 1 to W 3 . The highest chlorophyll 'b'and carotenoid content were obtained at W 3 and W 2 respectively. When foliar calcium chloride was applied, the content of these two photosynthetic pigments decreased. Therefore, the highest amount of chlorophyll 'b' and carotenoid contents in leaves were obtained at W 3 C 1 and W 2 C 1 respectively (Figs. 4 and 5) .
mineral content
Concerning mineral elements, increasing drought stress and foliar applications levels of calcium chloride increased the content of phosphorus and potassium in leaves and seed.
Potassium in leaves and seed was most abundant at the W 1 C 3 , phosphorus in leaves attained the highest levels at W 3 C 3 and in the seed at W 2 C 3 treatment (Figs. 6-9).
DISCUSSIONS
Water stress adversely affects plant establishment and therefore growth and development. Water stress reduces plant growth by affecting various physiological and biochemical processes such as photosynthesis, respiration, translocation, ion uptake, nutrient metabolism and growth promoters (J a l e e l et al. , 2008) . Water stress in plants reduces water potential and turgor, which elevate the solutes concentrations in the cytosol and extracellular matrices (H e i d a r i , G o l p a y e g a n i , 2012). Drought not only affects plant water conditions, but also mineral nutrition (uptake and transport of nutrients) and metabolism leading to a decrease in the grain yield (S o a r e s -C o r d e i r o et al., 2009) In this study has shown that drought stress reduced growth and grain yield of sesame plants. As seen in Fig.1 , with increasing drought levels from W 1 (control) to W 3 (the most severe drought), the grain yield of sesame decreased. Yield loss can be due to various reasons. In this study, changes in chlorophyll and photosynthesis consequently less effective in grain yield reducing, because sesame is partly resistant to drought (H e i d a r i , K a r a m i , 2014). So, the loss causes of grain yield in this study by drought stress, can be relate to the impact of drought stress on other traits such as changes in the absorption of nutrient elements, as well as changes in the yield components (Table 3) .
The primary yield components of sesame are biological yield, 1000-seed weight, the seed weight in plant and the number of capsules per plant. Even though, yield components are under genetic control, , 2007) . The rresults of statistical analysis of variance indicates that drought stress had significantly effect on yield components and nutrient elements in sesame (Table 2 ). In the present case, the foliar application of calcium chloride improved the growth rates, photosynthetic pigments, absorption of nutrient elements and eventually enhanced grain yield in sesame plants (Table  3) . Importantly, calcium is involved in the regulatory mechanisms activating the plants to adjust to adverse environmental conditions of drought stress (S h a o et al., 2008) . Further, calcium has been shown to ameliorate the adverse effects of water stress on plants and involved in signaling anti-drought responses (S h a o et al., 2008) . Calcium appears to play a key role in many defense mechanisms that are induced by drought, and Ca 2+ signaling is required for the acquisition of drought tolerance or resistance (C o u s s o n , 2009).
In this study, however, the highest amount of chlorophyll 'a', chlorophyll 'b' and carotenoid in leaves were obtained at the C 1 treatment (without the application of calcium chloride), but calcium chloride increased the concentration of potassium and phosphorus in leaves and seeds of sesame plants. At the drought levels, the greatest amount of potassium in leaf and seed were obtained at the W 1 C 3 while of phosphorus at W 3 C 3 and W 2 C 3 . It can be stated that although drought stress reduced growth and grain yield in sesame, the foliar application of calcium chloride prevented the drought-stress sesame plants from damage by improving their physiological parameters. It seems that the applied CaCl 2 might prevent damage from cellular dehydration by balancing the osmotic strength of the cytoplasm (A r s h i et al., 2006) . At the drought levels, however the highest values for some traits measured in this study were obtained in the C 4 treatment (grain yield and 1000 seed weight), but C 3 treatment had similar C 4 treatment.
CONClUSIONS
Drought stress has an adverse effect on many crops. Depending on the species, its impact intensity varies. Although sesame is one of drought stress resistant crops, the present study indicated that drought stress had negatively affected its growth and grain yield. Drought reduced grain yield and 1000 seed weight. This decrease was also partly due to the negative effect of drought stress on some physiological traits (photosynthetic pigments and absorption of nutrient elements).
Under environmental conditions of drought stress, the use of compounds such as calcium can, by improving the absorption of water and nutrients, prevent the plants from drought stress effects. In this study, the foliar application of calcium chloride increased the seed weight in plant, the number of capsules per plant, plant height and the concentration of potassium and phosphorus in leaves and seed. To conclude, during drought stress conditions, the foliar application of 10 mM calcium chloride may prevent sesame plants from the adverse effects of drought.
